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Abstract Males of the lycaenid butterfly Chrysozephyrus smaragdinus (Bremer) compete for mat- 
ing territories via non-contact aerial interactions. Field observations revealed that contest duration 
decreased with increasing time of day. Further analysis showed that air temperature accounted for 
a significant amount of variability in the contest duration. Air temperature had a negative effect on 
contest duration, which suggests the influence of heat stress on contest behaviour of the butterfly. 
However, even when air temperature was taken into account, time of day had a highly significant 
negative effect on contest duration. A possible underlying mechanism is that males negotiate terri- 
torial status at the start of daily territorial activity, resulting in prolonged interactions at this time. 
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Introduction 


Males of many butterfly species hold mating territories over which they compete via non- 
contact aerial interactions (reviewed by Kemp and Wiklund, 2001), except for a few cases 
in which male-male contests involve direct physical conflict (Chaves et al., 2006). This aer- 
ial interaction is regarded as a war of attrition, where both contestants continue to display 
and the one that retreats earlier is the loser (Maynard Smith, 1982). In physical battles, 
larger body size or developed weaponry are often determinants of the contest outcome (re- 
viewed by Kelly, 2008). This parameter is known as resource holding power (RHP: Parker, 
1974). By contrast, the determinants of RHP in wars of attrition are obscure and it is often 
unclear whether RHP asymmetry affects contest outcome. To date the characteristics corre- 
lated with RHP are largely unknown in butterflies (Kemp, 2002; Kemp er al., 2006a; 
Takeuchi, 2006a) although some studies showed a relation between larger body size and 
contest success (Martinez-Lendech et al., 2007; Peixoto and Benson, 2008). One of the key 
parameters in understanding wars of attrition is the duration of contests, which is consid- 
ered to represent a loser’s persistence (aggressiveness) because contests of this type termi- 
nate when either competitor ceases to display. Studies comparing duration of contests in 
flying insects under various conditions have brought much progress in our knowledge of 
war of attrition type contests (Alcock and Bailey, 1997; Kemp, 2000; Kemp et al., 2006a, b; 
Takeuchi, 20065). However, losers’ aggressiveness is not the only factor that determines 
contest duration. There should exist physiological constrains. For example, in the speckled 
wood butterfly, Pararge aegeria, contest duration was negatively related to ambient temper- 
ature (Stutt and Willmer, 1998). Butterflies may give up more rapidly in higher air tempera- 
tures. 


Chrysozephyrus smaragdinus (Bremer) is a univoltine lycaenid butterfly. Males occupy a 
small open space in forest, and compete with other males for these territories. In their con- 
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tests, two males fly around each other, keeping some distance between themselves, until one 
of them flees. Males show territorial behaviour in the daytime. They leave territorial sites 
in the evening and return the next morning (Takeuchi and Imafuku, 2005a). Fujii (1982) 
described that contests of C. smaragdinus that occur at the beginning of daily territorial ac- 
tivity last longer. This may mean that long interactions are required when butterflies are es- 
tablishing their territories. Prolonged interactions between neighboring territory owners at 
the establishment of the territory have been known in various vertebrates (e. g. Stamps and 
Krishnan, 1997; Tobias, 1997; Lamanna and Eason, 2003). However, Fujii (1982) showed 
no data on contest duration of C. smaragdinus. Even if there is a daily pattern described by 
Fujii (1982), it may be explained by daily changes in air temperature because behaviour of 
ectotherms can be expected to be affected by ambient temperature. 


In this study, I observed territorial contests of C. smaragdinus to clarify whether there is a 
daily pattern in their contest duration, and whether the pattern is explained by daily changes 
in air temperature. 


Methods 


I carried out field work between 15 and 20 June 2003 in Nagano City (36°39’N, 138°10’E, 
400 m in altitude), Nagano Prefecture, Japan. The study area was an artificial gap (approxi- 
mately 30x20 m) in a temperate deciduous forest. The adult season of C. smaragdinus in 
this area was mid June to early July (the species is univoltine). Territorial males perched on 
limbs in their territories located around the edges of the forest. There were several territo- 
ries around the gap. When another male flew into a territory, the territorial male rushed to- 
ward him and they performed an aerial contest around the gap. 


I surveyed the study area from 9: 00 to 18: 00 each day. This time range includes all daily 
territorial activity of C. smaragdinus (Takeuchi and Imafuku, 2005a). When a contest oc- 
curred, the duration and the time of occurrence were recorded. Individual males were not 
distinguished. Air temperatures were measured hourly. A mercury thermometer was hung 
at a height of 1.5 m in the shade. 


The duration of contests was analyzed on the basis of time of day (in minutes after 10: 00) 
and air temperature at the time of the contest. I performed a general liner mixed model 
(GLMM) using the two parameters, time of day and air temperature, as independent vari- 
ables and contest duration as a dependent variable. Observation dates were treated as ran- 
dom effects. Contest duration was negative inverse transformed before analysis because it 
was strongly right skewed (Fig. 1). This transformation is suitable for this kind of data 
(Grafen and Hails, 2002). Since I recorded air temperatures once per hour, the measurement 
closest to the time when the contest occurred was used in analysis. During the territorial 
activity period, the difference in air temperatures between two consecutive hourly measure- 
ments was relatively small (0 to 1.6°C), therefore, hourly measurements should provide 
sufficient information. The GLMM was built through the Ime function in nlme 3.1-89 li- 
brary (Pinheiro et al., 2008) for R 2.8.0 (R Development Core Team, 2008). 


Results 


I observed 93 contests during the six days of observations. Most contests lasted for less 
than 30 sec, but, the longest contest lasted for 799 sec (Fig. 1). The relationship between 
contest duration and time of day was shown in Fig. 2. A GLMM analysis showed that con- 
test duration decreased both with increasing time of day and increasing air temperature 
(time of day: /=-0.0017, F,.=12.5, P=0.0005; air temperature: $=-0.027, F,,;=4.4, 





NII-Electronic Library Service 


The Lepidopterological Society of Japan 


Contest Dynamiscs in Chrysozephyrus smaragdinus 163 





400 1 T T i T T | T 





Frequency 




















60 10 240 270 300 380+ 


Contest duration (s) 





Fig. 1. Distribution of the durations of all contests. The four contests exceeding 380 sec lasted 
383, 549, 656, and 799 sec. 


P=0.038). 


Discussion 


Contest duration decreased with increasing time of day (Fig. 2). This pattern is partly ex- 
plained by air temperature. As in P. aegeria (Stutt and Willmer, 1998), air temperature had 
negative effects on contest duration, which suggests the existence of heat stress on butterfly 
contest behaviour. In the satyrine butterfly, Lethe diana, males cease displaying territorial 
behaviour to avoid overheating in the hot season (Ide, 2002). However, even when air tem- 
perature was taken into account, time of day had a highly significant negative effect on con- 
test duration (P=0.0005). It was evident that contests that occurred at the earlier time of 
day lasted longer (Fig. 2). Were males aggressive at this time? A known factor that 
influences the duration of contests in C. smaragdinus is a loser’s residency period in the 
competed territory, because residency period and contest duration are positively related 
(Takeuchi, 20065). During residency in a territory, individuals would acquire the motiva- 
tion for competing for the territory. At the beginning of daily territorial activity, non-owner 
males can establish residency at territories before the owners arrive. If this is the case, non- 
owner males are more persistent in contests at this time than at later times, when they do 
not have residency because all territories are occupied by owners. Such situations were ob- 
served in C. smaragdinus (Takeuchi, unpubl data), and a related species, Favonius taxila 
(Takeuchi and Imafuku, 2005b). This is a possible cause of the daily dynamics of contest 
duration. Prolonged interactions often occur during territory establishment in various verte- 
brates perhaps because they must negotiate with neighbours for their territorial area (e. g. 
Stamps and Krishnan, 1997; Tobias, 1997; Lamanna and Eason, 2003). In butterflies, 
Shields (1967) described that males of Papilio zelicon (Lepidoptera: Papilionidae) were es- 
pecially likely to engage in a battle in the morning, when territories were first established. 
Another possibility is that the value of territories is high early in the day, and therefore indi- 
viduals are more persistent in contests. Females emerge in the morning hours in many but- 
terfly species (e. g. Hirota et al., 2001; Ide, 2004). In C., smaragdinus, it is not known when 
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Fig. 2. The durations of contests (solid squares) and air temperature (open circles) at different times 
of day on June 15 (a), 16 (b), 17 (c), 18 (d), 19 (e), and 20 (f). The scale of the vertical axis 


for contest duration is logarithmic. 


females emerge, and as is often the case with territorial butterflies (e. g. Cordero, 2000; 
Kemp, 2000), females of C. smaragdinus were rarely observed visiting male mating territo- 
ries (Takeuchi and Imafuku, 2005a). At present, it is not possible to estimate the value of 
territories with regard to the visiting rate of females. There are other factors that influence 
contest duration in territorial butterflies. Contests lasted longer when male density was low 
in the gray hairstreak, Strymon melinus (Alcock and O’Neill, 1986) and in the copper, 
Lycaena hippothoe (Fischer and Fiedler, 2001). Generally, male density of C. smaragdinus 
in their territory sites was low at the beginning of daily territorial activity, subsequently in- 
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creased, and again decreased at the end of the daily territorial activity (Takeuchi and 
Imafuku, 2005a). If male density had a negative effect on contest duration also in C. 
smaragdinus, contests that occurred at the end of daytime should last longer. The present 
data did not exhibit such a tendency, leading to the conclusion that male density did not 
cause the daily pattern in contest duration. 


At this stage, it is not possible to clearly evaluate the reasons why territorial contests of C. 
smaragdinus that occurred at the earlier time of day lasted longer. Nevertheless, this result 
is interesting because it implies that factors other than climatic conditions affect territorial 
behaviour. Further studies with individual discrimination will provide fruitful information 
on the territorial system of the butterfly. 


Acknowledgements 


This work was supported in part by a Grant for the Biodiversity Research of the 21st 
Century COE (A14) and a Grant-in-Aid for Scientific Research from the Japan Society for 
the Promotion of Science (JSPS) Research Fellowship for Young Scientists. 


References 


Alcock, J. and W. Bailey, 1997. Success in territorial defence by male tarantula hawk wasps Hemipepsis us- 
tulata: the role of residency. Ecol. Ent. 22: 377-383. 

Alcock, J. and K. M. O’ Neill, 1986. Density-dependent mating tactics in the Gray hairstreak, Strymon meli- 
nus (Lepidoptera: Lycaenidae). J. Zool. 209: 105-113. 

Chaves, G. W., Patto, C. E. G. and W. W. Benson, 2006. Complex non-aerial contests in the lekking butterfly 
Charis cadytis (Riodinidae). J. Insect Behav. 19: 179-196. 

Cordero, C., 2000. The number of copulations of territorial males of the butterfly Callophrys xami 
(Lycaenidae). J. Res. Lepid. 35: 78-89. 

Fischer, K. and K. Fiedler, 2001. Resource-based territoriality in the butterfly Lycaena hippothoe and envi- 
ronmentally induced behavioural shifts. Anim. Behav. 61: 723-732. 

Pujii, H., 1982. Adult behaviour of Theclini (Lepidoptera; Lycaenidae). Yadoriga (107/108): 1-37 (in 
Japanese). 

Grafen, A. and R. Hails, 2002. Modern Statistics for the Life Science. Oxford University Press, New York. 

Hirota, T., Hamano, K. and Y. Obara, 2001. The influence of female post-emergence behavior on the time 
schedule of male mate-locating in Pieris rapae crucivora. Zool. Sci. 18: 475-482. 

Ide, J-Y., 2002. Seasonal changes in the territorial behaviour of the satyrine butterfly Lethe diana are mediated 
by temperature. J. Ethol. 20: 71-78. 

, 2004. Diurnal and seasonal changes in the mate-locating behavior of the satyrine butterfly Lethe 
diana. Ecol. Res. 19: 89-196, 

Kelly, C. D., 2008. The interrelationships between resource-holding potential, resource-value and reproduc- 
tive success in territorial males: how much variation can we explain? Behav. Ecol. Sociobiol. 62: 855- 
871. 

Kemp, D. J., 2000. Contest behavior in territorial male butterflies: does size matter? Behav. Ecol. 11: 591- 
596. 

, 2002. Butterfly contests and flight physiology: why do older males fight harder? Behav. Ecol. 13: 
456-461. 

Kemp, D. J. and C. Wiklund, 2001. Fighting without weaponry: a review of male-male contest competition in 
butterflies. Behav. Ecol. Sociobiol. 49: 429-442. 

Kemp, D. J., Wiklund, C. and H. Van Dyck, 2006a. Contest behaviour in the speckled wood butterfly 
(Pararge aegeria): seasonal phenotypic plasticity and the functional significance of flight performance. 
Behav. Ecol. Sociobiol. 59: 403-411. 

Kemp, D. J., Wiklund, C. and K. Gotthard, 20066. Life history effects upon contest behaviour: age as a pre- 
dictor of territorial contest dynamics in two populations of the speckled wood butterfly, Pararge aegeria 
L. Ethology 112: 471-477. 


Lamanna, J. R. and P. K. Eason, 2003. Effects of landmarks on territorial establishment. Anim. Behav. 65: 
471-478. 











NII-Electronic Library Service 


The Lepidopterological Society of Japan 


166 Tsuyoshi TAKEUCHI 


Martinez-Lendech, N., Cérdoba-Aguilar, A. and M. A. Serrano-Meneses, 2007. Body size and fat reserves as 
possible predictors of male territorial status and contest outcome in the butterfly Eumaeus toxea Godart 
(Lepidoptera: Lycaenidae). J. Ethol. 25: 195-199. 

Maynard Smith, J., 1982. Evolution and the Theory of Games. Cambridge University Press, Cambridge. 

Parker, G. A., 1974. Assessment strategy and the evolution of fighting behaviour. J. Theor. Biol. 47: 223- 
243. 

Peixoto, P. E. C. and W. W. Benson, 2008. Body mass and not wing length predicts territorial success in a 
tropical satyrine butterfly. Ethology 114: 1069-1077. 

Pinheiro, J., Bates, D., DebRoy, S., Sarkar, D. and the R Core team., 2008. nlme 3.1-89. 

R Development Core Team, 2008. R: A language and environment for statistical computing. R Foundation 
for Statistical Computing, Vienna. http://www.R-project.org/ 

Shields, O., 1967. Hilltopping. J. Res. Lepid. 6: 69-178. 

Stamps, J. A. and V. V. Krishnan, 1997. Functions of fights in territory establishment. Am. Nat. 150: 393- 
405. 

Stutt, A. D. and P. Willmer, 1998. Territorial defence in speckled wood butterflies: do the hottest males al- 
ways win? Anim. Behav. 55: 1341-1347. 

Takeuchi, T., 2006a. The effect of morphology and physiology on butterfly territoriality. Behaviour 143: 
393-403. 

, 2006b. Matter of size or matter of residency experience? Territorial contest in a green hairstreak, 
Chrysozephyrus smaragdinus (Lepidoptera: Lycaenidae). Ethology 112: 293-299. 

Takeuchi, T. and M. Imafuku, 2005a. Territorial behavior of a green hairstreak Chrysozephyrus smaragdinus 
(Lepidoptera: Lycaenidae): site tenacity and wars of attrition. Zool. Sci. 22: 989-994. 

, 20055. Territorial behavior of Favonius taxila (Lycaenidae): territory size and persistency. J. Res. 
Lepid. 38: 59-66. 

Tobias, J., 1997. Asymmetric territorial contests in the European robin: the role of settlement costs. Anim. 
Behav. 54: 9-21. 








ie x 





RATA PUY YS OPE ASI ONS AAR TA MD 


RATA PUY YS OMIA RR Oe Mot, BAVICHFOR) ERO ZENS HERD 
TÍT. ELE COBRD D, HANOI DED LON THERMO < 2S CEP S DIRK. 
FL FF BDL ECA, ill DED bl Hels OBE E BIW ICT ZC EDO. 
Bil, Aim ARV & SOFA BMP ILR < 24. F a7 ORR THICK L CMILA RL ARO T 
VADRA). LPL, MimOWROSE SNEECE, ASORIOLRMARVMEL, ASRBILE 
(mor, ~A ORR 0 EAA Sc Sis, MAB ORR) tT ARDC, RV 
POAT DICT WS PESER DIS. 


(Accepted December 22, 2008) 










































































HM 















































Published by the Lepidopterological Society of Japan, 
5-20, Motoyokoyama 2, Hachioji, Tokyo, 192-0063 Japan 





NII-Electronic Library Service 


